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ABSTRACT 


For many program errors and program checkout problems, 
on-line techniques provide a promising method of attack, 
An approach developed in connection with time-sharing 
computer systems is examined, Then Program Trace, an 
on-line diagnostic program developed by the author for 
the CDC 1604 computer, and a Data Display Model DD 65 
display and control console is presented and examined in 


detail, 
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ie Introduction, 
Much has been done to automate the error deteccion pr: - 


cesses for program checkout. On the cther hand, it i 
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that a serious problem still exists. A significant portion 

of the time spent in the development cof programs, both in terms 
of man hours and in terms of computer time, is in the checkout 
phase, Analysis cf certain types of checkout problems is net 
easily automated, New approaches to the diagnostic pribdler. 
are needed, 

One promising approach is the use cf the computer t- pro- 
vide on-line assistance to the programmer in analyzing his 
programs, In order to investigate the potentials and prublermys 
of this approach, an on-line diagnostic program was developed 
for use with the CDC 1604 computer-and the DD 65 display «:nscle 
at the Naval Postgraduate School, Because of the technigue used 
in the central part of the program, it is called Pregram Trace. 

Befcre looking at Program Trace, it will be useful t> 
catalog the types of checkout problems and program extors that 
occur and to list the aids and techniques available fcr atta:x- 
ing these problems, in order to determine the weak areas, Then 
a look will be taken at some on-line diagnostic preerams, in-~ 
cluding a detailed examination of Program Trace, 


aa Checkout Problems and Program Errors, 
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The checkout problems and pregram errors wi 
in two phases, those that occur cr appear prior to or during 
compilation, and those that appear during the running ct the 


program. Those in the first phase will be broken d2wn int, 





clerical and syntactic errors, programming errors, and machine 
failures. Those in the running phase will be brcken down 
into programming errors, conditional errors, and machine faiicres. 
2.1 Pre-compilation and Compilation Phase. 

The clerical and syntactic errors are the typographical 
mistakes, mispunched cards, and format errors which result 
in meaningless symbols or instructions, 

Programming errors which appear during compilaticn are 
mistakes such as exceeding the storage capacity of the machine 


by reserving too much space for arrays or other data storag« 
y & Pp 


we 


not defining symbolic addresses; not identifying a reserved 
array; and calling for sub-programs not available on the system 
library. 

Machine failures include anything from the dropping of 
a bit during transfer to or from magnetic tape to the failure 
of a logic component in the machine to the failure of a power 
supply. Also, included are failures of external equipment 
associated with the computer, 
2.2 Running Phase, 

Machine failures have no reference to the phase of the 
program. They are the same problems as already menticned, 

Conditional errors are those errors which depend on the 
status of certain parameters in the program cr cn the inter- 
mediate results of the computation, and are not always fore- 


seeable, Examples are calculations resulting in a negative 





argument for a square root function and the overflow of an arith- 
metic register during calculations. 

Programming errors are flaws of a fundamental nature in the 
logical structure of the program and include a variety cf problems. 
Three of these are the occurrance of unexpected jumps, deadends 
in loops, and programs that run to conclusion but with improper 
results, 

The unexpected jumps are of two types - those that jump to 


an unused memory cell and stop the computer, and those that jump 


to another part of the object program or into the system programs 


# 


and do not stop the computer immediately. In either case, it i 
difficult to determine where the jump originated. 

Unending loops can occur from unindexed jumps or from condi- 
tional jumps for which the condition is never satisfied. Ina 
dual instruction machine, such as the CDC 1604, a dead-end can 
also occur with a skip instruction in the lower half of a memory 
cell making continuous half exits on itself. 

Programs which run to conclusion but with improper results 
are listed here not because they are a type of error of themselves, 
but because, quite often, this is the only external indication 
of internal programming errors. The cause can be an unexpected 
jump, as already mentioned, or a flaw in the logic used by the 
programmer in the construction of the program, 

Other examples of programming errors are not supplying 
the required arguments for a sub-program, having input data 


for the program in improper format, and indexing a variable 
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array out of the storage area reserved for it in memcry. 


gs Diagnostic Aids and Methods. 

The aids available during the pre-compilation and com- 
pilation phase include the error print-outs of the compiler 
and of the system executive program. The former giving 
indications of typographical and format errors and the latter 
giving indications of illegal procedures and some machine 
failures, These print-outs are well developed and will 
detect and pinpoint most of the clerical and syntactic errors. 

Another valuable aid is a machine language or symbolic 
machine language listing of the object program which can be 
supplied by the compiler during compilation. 

The diagnostic aids available during the running phase 
are generally limited to error print-outs by system library 
sub-programs when supplied with illegal arguments, and to 
console indications of the contents of the operational regis- 
ters when the computer stops, console indications of registers 
overflowing, and console indications of hang-ups during in- 
put or output operations. 

The diagnostic methods used during and after the running 
phase are generally variations of four techniques: The use 
of extra Print statements, Core Dumps, breakpoints, and step- 


ping through the program. 





By watne extra Print statements at selected points in 
the object program, the value of parameters in the program 
can be determined at these points and an indication can be 
obtained of where trouble occurs. 

The Core Dump is used to provide a printed record of the 
contents of the computer memory or selected portions of it 
for off-line analysis. This may be done at the completion 
of the run or at some intermediate point and in either a 
numeric or a mnemonic format. 

The use of breakpoints to stop the computer at selected 
locations in the object program is valuable for examining and 
changing conditions at these points, However, it is not 
always known where it is desirable to stop. 

In some cases where the trouble is localized or the 
action of a particular portion of the program is not under- 
stood, stepping through the program one instruction at a time 
is useful in order to follow the program execution exactly. 
4, Weak Areas, 

As mentioned, the diagnostic aids available during the 
compilation phase are well developed and are effective in 
detecting most of the errors which occur during that phase, 

On the other hand, the diagnostic methods available in 
the running phase, while very useful, are often ineffective 
for determining the causes of some conditional errors or fer 


locating errors in the logical structure of a program, As 





a result, it is often necessary to use these methods in a 
series of repeated runs, The program is run; the programmer 
studies the results and makes changes and corrections; and 
another run is made, with the cycle repeated, perhaps many 
times until the errors are eliminated, 

In a situation such as this, full use is not made either 
of the computer's potential or of the programmer's time, 
primarily because of the lack of communications between the 
computer and the programmer while the program is running. 
The computer does not know the programmer's intentions if 
they are not explicitly written into the program, and at 
other times, the programmer is limited in his communications 


with the computer, 


Di On-line Diagnostic Systems, 

The major work in developing on-line diagnostic programs 
has been in conjunction with the development of time-sharing 
computer systems, This is a natural result, since a major 
drawback of on-line systems is the inefficient use of computer 
time, With the ability provided by the time-sharing systems 
for several people to work on-line simultaneously, this draw- 
back is eliminated, 

Two time-sharing systems which have incorporated on- 
line diagnostic programs into the systems are those of Bolt, 
Berenac, and Newman [1,2| and the Systems Development Cor- 


poration eagle The BBN system uses a Digital Equipment 





Corporation PDP-1 computer and the SDC system uses an FSQ-32 
computer with a PDP-1 for an input-output computer. 

The operation of the two diagnostic programs is quite 
similar, Each operator who is running a program has a type- 
writer keyboard with which he can communicate with either 
his own program or with the time-sharing executive program 
and the diagnostic program (through the executive program). 
A prefix attached to the typed input indicates the program 
for which it is intended. 

The two basic capabilities of the programs are the set- 
ting of breakpoints and the ability to examine and change 
the contents of memory cells, with variations available in 
how these are used. 

Breakpoints (up to three at any one time) may be set by 
typing a short one or two character command followed by the 
breakpoint address. The break is accomplished by inserting 
a jump instruction at the desired break address which will 
jump into the diagnostic program, When the breakpoint is 
reached, the diagnostic program types a short message, includ- 
ing any information that may have been previously requested, 
on the typewriter, and waits for further instructions from 
the programmer. 

Contents of memory cells, within the limits of memory 
storage used by the program, may be examined by typing 


another short command followed by the desired address, 





Sections of memory of up to twenty cells or the cperational 
registers may also be selected in this manner. Changes may 
be made in selected cells or registers by the use of another 
command followed by the new desired contents. 

Breakpoints may be set or cells examined before the 
program is started, after it is finished, while it is stopped 
at a breakpoint, or while the program is running. In addi- 
tion, through the executive program, the object program may 
be started, stopped, restarted, or started over again from 
the beginning. 

The feature that makes these diagnostic programs so 
useful is their accessability and ease of use. They are 
always available to all users of the time-sharing system 
without the use of any special calling procedures, The diag- 
nostic requests may be typed at any time, and they are sent 
directly to the diagnostic program by the system executive 
program, 

There are limitations, however. In the case of problems 
such as unexpected jumps, there is no methed for tracing or 
following the execution of the program as it is running. 

A possible means of providing a tracing capability in 
these systems is by the following method, Provide an addi- 
tional function in the diagnostic routine which would make a 
search of the object program before it is run. As a result 


of the search, the execution address of each jump instruction 





in the object program would be changed to that of a position 
in a table which would be constructed in a reserved area at 
the end of the program. The table could be designed so that 
upon each jump into the table, the number of times that jump 
has been executed and/or the order in which the jumps have 
been executed could be recorded before a jump is made back 
to the originally assigned address in the object program, 

There would be some problems in implementing this func- 
tion, and it would make additional time and memory space re- 
quirements on the computer system, but it would be very useful 
for some problems. A special calling procedure would have 
to be provided for the jump table function, since it could 
not be as freely accessable as the rest of the diagnostic 
program, 

Program Trace is a program, written by the author, designed 
to provide on-line diagnostic functions, including a tracing 
function in a non time-sharing system. However, before dis- 
cussing Program Trace, a description of the facilities will 


be provided. 


oe Computer Facilities. 

The computer facilities at the Naval Postgraduate School 
include a CDC 1604 computer [6 ] and a CDC 160 computer in 
the school's computer center and a Data Display model DD 65 
display console [3] and another CDC 160 computer in the 


Digital Control Laboratory, 





The CDC 1604 is a 48 bit, dual instruction computer with 
a 32K core memory. It has one high speed unbuffered input- 
output channel and three buffered input and three buffered 
output channels, 

The Fortran 60 System eva is the Fortran processor in 
use with the CDC 1604. When the processor is loaded in memory, 
the resident program occupies the first 4000g cells, and the 
compiler occupies the next 14000, cells, so that as each 
object program is loaded into memory, it begins at address 
20000g. Any library sub-programs which are called are loaded 
at the end of the object program. The Fortran compiler is 
designed for either normal Fortran coding or symbolic machine 
language coding, or for intermixing of the two. 

The two CDC 160 computers are 12 bit, single address 
machines, with 4K core memories, of which only the first 64 
cells are directly addressable, They each have one input and 
one output channel. 

The DD 65 is a display and control console, especially 
configured by Data Display for the Naval Postgraduate School. 
The console is shown in Figure 1. The associated core memory 
and logic are in a separate cabinet. 

The console has two 12" cathode ray tubes for display 
of alpha-numeric and veator symbols. For other applicaticns, 


radar video may also be displayed on the left tube. Display 
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Figure 1. DD 65 Console 


commands are stored in the 512 word addressable core memory. 
The commands are 48 bit words which each correspond to one CDC 
1604 word or four CDC 160 words. 

The contents of the memory are scanned and displayed approx- 
imately 20 times a second to provide a flicker free presentation, 
The memory can be updated by either the CDC 1604 or the CDC 160 
(but not by both at the present time) at any time during the scan. 
A complete read-write memory cycle is 12.8 micro-seconds, | 

The position of a character on the screen is designated in 


X-Y coordinates with the origin at the center of the screen, 


tT 








As shown in Figure 2, the X (Y) coordinate is given as a 

nine bit number which increases from 000 at the origin to 

377 at the right (top) edge, and from 400 at the left (bottom) 
edge to 777 at the origin. After an initial position is 
designated by the use of a designator word, successive charac- 
ters may be incremented either horizontally or vertically from 
that position by the use of string words. The formats for 


designator and string words are shown in Appendix I, 





Figure 2. Display Tube Coordinates 
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The keyboards, Figure 3, are used to provide outputs 
to the computer. Since there is no direct connection with 
the display generation circuits or display memory, all control 
and display functions are performed through the COnontee The 
typewriter keyboard is referred to as keyboard #1, and all 
other keys and buttons are referred to as keyboard #2. 

Cables and a switch on the DD 65 memory cabinet are pro- 
vided so that the display may be operated with either the 
CDC 1604 or with the CDC 160 in the Digital Control Laboratory, 
In the latter case, the CDC 160 may be operated independently 
or as a satellite of the CDC 1604. For satellite yee ca ttnee 
communications between the CDC 160 and the CDC 1604 are through 
one set of the CDC 1604's buffered input-output ate 1a: 
When the DD 65 is operated directly with the CDC 1604, communi- 
cations are via the high speed input-output channel of the CDC 


1604. 
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Figure 3, Keyboards #1 and #2. 
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In considering which configuration to use in implement- 
ing Program Trace, both the direct connection of the display 
to the CDC 1604 and the satellite arrangement have advantages, 
In the latter case, a load is taken off of the CDC 1604 by 
having the display generation programs located in the GDC 160, 
Also, this configuration might more easily be combined with 
other systems in the future, On the other hand, the direct 
connection is easier to implement initially. For this reason, 


the direct connection was chosen, 


7. Operation of Program Trace, 

Program Trace is written in the form of a sub-program, 
It is designed so that it can be made a part of the resident 
library and be callable by the object program (the prcgram 
to be diagnosed), At present, it is loaded at the end of the 
object program, 

Program Trace is intended for the analysis of machine 
coded programs. However, it can be useful for diagnosis of 
Fortran coded programs if a machine code listing of the pro- 
gram is obtained, The Fortran compiler can provide such a 
listing. 

One argument must be provided when Program Trace is 
called, and that is the address of the instruction immediately 
following the calling statement. This is done by the use 
of two symbolic statements prior to the Fortran calling 


statement, 
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ENA (143) 

STA (ADDRESS) 

CALL TRACE (ADDRESS) 
These statements are normally placed near the beginning of 
the object program, although they may be placed at other posi- 
tions if only the latter portion of the program is to be 
traced, 

When the program is run, the Trace program takes 
control of the execution and first checks to see if the DD 65 
is available and ready. If not, the object program is run 
to completion under the control of Trace, and a table is 
prepared of each jump instruction executed in the object 
program including the address of the jump instruction, the 
address to which it jumped, and the number of times it was 
executed. The table is printed out in blocks of 50 jump in- 
structions as the table is filled or at the end of the program, 
If the DD 65 is available and ready, then its memory 
will be erased, its keyboard lights set to correspond with 
initial Trace control flag settings, and an introduction will 
be displayed on the left tube. The introduction will give 
the location of the object program in memory, and by giving 
the location of Trace, will indicate where the object program 
ends, 
PREAMBLE OF YOUR PROGRAM BEGINS AT CELL 20000 


INSTRUCTION AFTER 'CALL TRACE' IS CELL 20006 
SUBROUTINE TRACE BEGINS AT CELL 21703 
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After displaying the introduction, Trace will wait for 
the programmer to take control at the DD 65 keyboard by 
pressing the CONTINUE button, which is shown in Figure 4, 

When the CONTINUE button is pressed, the object program 

will be allowed to run until the first jump instruction is 
reached, At that time, the contents of the operaticnal regis- 
ters will be displayed on the left tube (Figure 5), and the 
headings for the jump table will be displayed on the right 
tube (Figure 6). Each time the CONTINUE button is pressed, 
the object program will advance to the next jump instruction, 
and the operational register and jump table displays will be 
updated. The fourth column of the jump table will indicate 
the last four jump instructions executed in the object program. 
If an unexpected jump occurs, the table will show where the 
jump originated and the sequence that led up to it. 

Keyboard #2 (Figure 4) provides the ability to change 
the contents of the operational registers, to examine the 
contents of memory, to record changes made in the program, to 
select and deselect various displays, to change the degree 
of control of program execution, and to restart the object 
program, The various functions are selected by pressing the 
desired button and deselected by pressing the button a second 
time. The keyboard light associated with the button indicates 
whether it is selected or deselected, Functions which might 
be conflicting are automatically deselected when a new func- 


tion is selected, The functions which are initially selected 
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when the program is started are PRINT JUMP TABLE, DISPLAY 
JUMP TABLE, DISPLAY OPERATIONAL REGISTERS, and CONTINUE 
(which is always active). 

Control of the execution of the object program is exer- 
cised by the CONTINUE button as previously described, VWaria- 
tions are possible by the use of the STOP ON EACH INSTRUCTION 
and SET BREAKPOINT functions. With the STOP CN EACH INSTRUC- 
TION function selected, the object program is stopped prior 
to the execution of each instruction and the displays wp- 
dated, This provides the ability to step through portions 
of the program where closer examination is desired. 

When the BREAKPOINT function is selected, the normal 
stops at each jump instruction are deleted; and when the 
CONTINUE button is pressed, the program runs continuously 
without stopping until the breakpoint address is reached or 
ee the program is completed, The latter case will be dis- 
cussed in a moment, Note that the program may be deliberately 
run to completion with no stops by selecting the BREAKPOINT 
function, but with the breakpoint address left zero. 

The breakpoint address is set by first selecting the 
function and then typing the address on keyboard #1, The 
address will appear at the bottom of the operational register 
display as it is typed. If too many digits are typed, the 
address will be reset to zero and the breakpoint function 


deselected, 
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It should be noted that the octal number system is 
used for all displays and keyboard inputs. 

The MEMORY DISPLAY function provides a means of in- 
specting constants or other desired portions of the object 
program, The function displays a block of twenty-one 
memory cells and may be selected at any time. After LC 
is selected, the address of the first cell is typed on 
keyboard #1, This address will appear above the opera- 
tional register display on the left tube, As the last 
digit of the address is typed, the operational register 
display will be cleared and the contents of that cell and 
the twenty successive memory cells will be digplayed in its 
place. When the MEMORY DISPLAY is deselected, the copera- 
tional register display is restored, 

The DISPLAY JUMP TABLE and DISPLAY OPERATIONAL 
REGISTERS buttons provide the option of deleting the 
respective displays, Some computing time is saved by skip- 
ping these display generation routines, However, the time 
is normally insignificant compared with the dead time 
waiting for keyboard inputs, since the displays are only 
generated prior to a stop. The PRINT JUMP TABLE button 
can be used to delete the printing cf a hard copy of the 
jump table at the end of the program. If both jump table 
functions are deleted, the table is not compiled. In this 
case, a significant amount of time is saved during con- 


tinuous runs with the breakpoint set. 
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The left two columns on keybcard #2 and the button 
marked P are the register change functions. [In each case, 
the desired register is selected and then the new contents 
for the register are typed on keyboard #1. As the contents 
are typed, they will be displayed on the screen, However, 
the format for typing is different for some of the registers, 


For the index registers, Bl through B6, the number is 


= 


typed in a normal manner from left to right, except that 


€ 


zeros at the lower end of the number need not be typed, 

For example, to put the number 02300 in one of the index 
registers, either 02300 or 023 may be typed. The function 
is deselected by pressing the selected button a second time 
or by striking a sixth key on keyboard #1. 

For the A and Q registers, the procedure is slightly 
different. Quite often, the numbers desired in these 
registers amount to only a few digits in the lower end. 
Therefore, the order is reversed so that numbers are typed 
from right to left and zeros in upper portion of the register 
need not be typed, For example, to put the number 09009000 
00002300 in the A register, the function is selected and 
then the number 0032 is typed on keyboard #1, To deselect 
the function, the A button is pressed a second time, or a 
seventeenth key is struck on keyboard #1. 

The use of the function code, FC, and execution address, 
ADD, change functions are quite similar to that of the 


index registers, For the program address, P, register, 


ZL 





however, the full five digit address (including zeros) 
must be typed, and then a U or an L typed at the end to 
indicate either the upper or lower half of the address. 

As the new program address is typed, it will appear on the 
operational register display, and as the U or the L is 
typed, the remainder of the operational register display 
will change to correspond with the new program address. 

The function code, execution address, and program 
address change functions should be used very carefully since 
they can disrupt the execution of the object program, 

The program address function, however, can be very useful 
for repeating or skipping sections of the object program. 

The START OVER function provides an easy method of 
restarting the object program from the beginning. It may 
be used when the program has run to completion or at any 
intermediate time, To prevent accidental restarts, a two 
step operation is required. First, the button is pressed, 
and then any key on keyboard #1 is struck. 

RSDUMP is a sub-program available on the system 
library. It provides a hard copy output of the object 
program in an octal format with mnemonics. When the 
RSDUMP button is pressed, the associated keyboard light 
will come on and remain on until the output is completed, 
and then the light will go out. 


In the discussion of the keyboard functions, it should 
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be noted that the functions can only be used while execu- 
tion of the object program is stopped, and that none of 
the functions except START OVER and P, will advance the 
object program until the CONTINUE button is pressed, 

When the object program is run to completion, the 
word END will appear in the center of the left tube. Ali 
of the keyboard functions will be available at this time. 
However, the ones most likely to be wsed are MEMORY DISPLAY, 
to examine final values in the program; RSDUMP, to make 
a hard copy of the object program; or START OWER, to begin 
again. When the programmer is finished, the CONTINUE 


button is depressed to give control back to Monitor. 


ai Trace Construction, 

Figure 7 shows a simplified flow diagram of Trace 
with some functions omitted and with conditions as set 
initially in the program. The two locps in the program 
are clearly evident; one loop for jump instructions, and 
a second loop for the other instructions. 

The program is entered initially from the calling 
Statement in the object program, Trace then proceeds by 
pulling successive instructions out of the object program, 
one at a time, The type of instruction is determined 
by comparison with a table, and the instruction is then 
stored in the upper half (no matter whether it was an 


upper or lower half instruction) of a reserved cell 
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either in the jump loop or the other instructions loop 
to await execution. An exception is that lower half skip 
and external function instructions are retained in the 
lower half, and some slight changes, indicated by the box 
marked Process Skip, are made to accommodate them, 

Instructions other than jump instructions are then 
executed, and the upper-lower counter (ULCON), which keeps 
track of whether the instructions are upper or lower half 
instructions, and the psuedo P-register (PREG) are incre- 
mented as necessary. The loop is then completed by return- 
ing to load the next instruction from the object program. 

For jump instructions, the operational register and 
jump table display routines and keyboard control are in- 
cluded in the loop. Also, before the jump instruction can 
be executed, its execution address must be modified so that 
control is retained in Trace, After the instruction is 
executed, the upper-lower counter (ULCON) and the psuedo 
P-register (PREG) are modified to correspond with the 
execution address and the type of jump (normal or return). 
The jump is then tabulated in the jump table and the loop 
is completed, 

Although not shown in Figure 7, the display routines 
and keyboard control are bypassed when the breakpoint is 
set or when the DD 65 is not available, Also 


the displays 


9 


may be selectively bypassed by use of Keyboard Control. 
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In Figure 8, the flow diagram is expanded to show some 
additional functions and variations. For example, the 
display routines and Keyboard Control can be entered from 
the other instruction loop when the STOP ON EACH INSTRUCTION 
function is selected or when a breakpoint is reached. Also, 
the execution address of each jump is examined after it is 
tabulated in the jump table, and a jump to Monitor is used 
as the indication that the program is completed. If the pro- 
gram is completed, the jump table is printed, the word END is 
displayed, and Keyboard Control is entered, 

Flow diagrams for Keyboard Control are shown in Figures 
9 and 10. Keyboard Control is entered from one of three 
points marked by a, b, and c in Figure 8, Exit is by way of 
the CONTINUE button shown in Figure 9 and is always to the 
point from which the routine was entered, Keyboards #1 and #2 
are alternately sensed until one or the other is hit, 

Figure 9 is the kayboard #2 portion of Keyboard Control, and 
Figure 10 is the keyboard #1 portion, 

When keyboard #2 is hit, the input is decoded to 
determine which button was hit, and the function is selected 
or deselected by shifting a flag which is alternately positive 
and negative, If the function is selected, a return jump 
is made to the Master Deselect routine, which clears the flags 
and keyboard lights of conflicting functions. Those functions 


which have no conflicts do not use the Master Deselect routine, 
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As shown in the diagram for the Memory Display and Jump 
Table Display functions, there are some additional display 
generation and erase features, 

The register change functions, the Memory Display 
function, the Breakpoint function, and the Start Over func- 
tion require inputs from keyboard #1, The keyboard #1 hits, 
which are in the form of a six bit BCD code, are input one 
at a time, and the control flags are checked to determine 
for which function they are intended, If no control flags 
are set, the input is discarded. 

With two exceptions, the only inputs used are the 
octal digits 0 through 7, The first exception is that the 
Start Over function only checks that there has been a key- 
board #1 hit. The second exception is the U or L needed by 
the Program Address change function. Otherwise, if any of 
the upper three bits of the BCD input are not zero, the 
input is treated as a zero, The reason being that the BCD 
codes for the other digits are just the digits themselves. 
The processing of the inputs by the various functions is 
shown in Figure 10, As each digit is received by the selected 
function, the desired number is assembled, both in binary 
form for use in the program and in BCD format for display. 
A count is kept of the number of digits input in order to 


determine when to deselect or execute the selected function. 
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Two routines are used for this purpose. A "48 bit registers" 
routine handles the 16 digit inputs for the A and Q regis- 
ters, and a "15 bit registers" routine processes the five 
digit inputs for the other functions, When processing of 
a digit is completed, a return is made to the keyboard sensing 
wait loop to await the next keyboard hit. 

Flow diagrams for other sections of Trace are included 


in Appendix II. 


9. Conclusions. 

The primary limitation of Program Trace is time, in 
terms of both running time and dead time. To calculate the 
running time for the program, consider that the breakpoint 
is set, the program is running, and the breakpoint has not 
yet been reached, Each non-jump, non-skip instruction in 
the object program requires the execution of from 43 to 45 
instructions, and each skip or external function instruction 
requires the execution of from 43 to 48 instructions by 
Trace, For conditional jump instructions which are not 
satisfied, the number of instructions executed is 41, Exe- 
cuted jumps which are not a part of the object program require 
59 instructions, These are jumps executed in library sub- 
programs. They are executed under Trace control, but are 


not tabulated in the jump table. 
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For jump instructions in the object program, 86 to 101 
instructions are executed by Trace. This includes the jump 
table tabulations and the end-of-program check, but it does 
not include display generation. 

Thus, for example, an object program consisting of 
one-fifth jump instructions would have a running time of 
approximately 55 times normal when it is under Trace control 
with no display generation. 

The display generation routines which are only executed 
before a stop require the execution of several hundred in- 
structions. However, this time is negligible compared with 
the dead time waiting for keyboard inputs. Likewise, some 
of the Keyboard Control functions are relatively lengthy but 
their running time is small compared with the dead time. 

As long as the dead time is not utilized for other purposes, 
the length of the display routines and Keyboard Control is 
not important, 

Although Program Trace was specifically designed for 
a non time-sharing system, it is constructed so that it 
could be incorporated into a simple time-sharing arrangement. 
For example, an area of computer memory could be reserved 
for Program Trace. The keyboard sensing wait loop, in which 
first one and then the other keyboard is checked until there 
is a hit, could be replaced by interrupts. Then, during the 


normal dead time, the computer could continue with other 
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jobs until interrupted by a keyboard hit, Since, in this 
arrangement, computer running time would be more important, 
it might also be desirable to transfer the display genera- 
tion and Keyboard Control routines to the CDC 160 in order 
to take some of the load off of the CDC 1604, 

However, considering only the non time-sharing case, 
Program Trace can be very useful in many cases where the 
normal diagnostic methods become ineffective. The auto- 
monitoring of program execution can well be worth the in- 
vestment of some additional computer time. Not only can 
an overall gain in efficiency of program diagnosis and 
checkout be realized, but in many cases, there will be no 
loss in computer time, since the need for repeated runs 


will be eliminated, 





BIBLIOGRAPHY 


Bolt, Beranek and Newman, Inc. A time-sharing debug- 
ging system for a small computer, by J. McCarthy, 
S. Boilen, E. Fredkin, and J. C. R. Licklider. 


Bolt, Beranek and Newman, Inc, DEC debugging tape 
program write-up, Digital-1-3-5. 


Systems Development Corporation. Time-sharing system 


user's guide. Tech Memo 1354/000/00, 7 Nov. 1963. 


Tsui, F. F. A flexible and inexpensive method of 
monitoring program execution in a digital computer, 
TRE transactions on digital computers, V. EC-10, 
June 1961: 253-259. 


Barron, D. W. and D. F. Hartley. Techniques for pro- 
gram error diagnosis on EDSAC 2. The (British) 
Computer Journal, V. 6, April 1963: 44-49, 


Control Data 1604 Computer Programming Manual. CDC 
publication #167. 


Fortran system for the control data 1604 computer. 
CDC publication #087A, 


Data Display, Incorporated, Data Display Model DD 65 
instruction manual. 





om 


APPEN DIX 


FoaMat 


5 DESIGNATOR Word 


DD 6 


| | 
— 


6 


= 
2 Dips 
__! 


| = 


| 


2444-000 
NOILISO) -S TeILIN} 


Silg JIVIS F 
Q¥onH ONIYULS - | 
Caan JOLYNDISIG-O 
YOLVNDISAG 
YOLITA -] 
APL IMVAVHND -O 
A, 2d0W 
971 LEY = |] 
392, 2477-0 
491 


i I4VdS 


Sssaday Aves] 
S90G TVILIN] 


ee, 


: ee IG BIS 


WWoly7aA- ft . 
TWANG EIIOH — -O 
LNINDION| YILOVIVWND 


SIDOD AOLDAA 
YO BILIVIVHD 119 9 


8744-900 
NOLLISOY -X TV/LIN] 

LRDIYg- | 

TWyWHION - OD 
ALISNZLN I GILIVIVHD 


jQD9V7 -ol 

WHIIAIW- 10 

TIVINS - OO 
ABS YdALOVYVHD 





| 


MAT 


FoR? 


WORD 


STRING 


Sp, 





DD 65 EXTERNAL FUNCTION CODES 


Function 


Select Keyboard 1 for Input 
Keyboard 2 for Input 


Select Track Ball "x" 
teeack= Ball 


Select Range Switch 
Select Memory Update from 1604 
Select Radar Target Data to 1604 
Select Interruption: 

Keyboard 1 Hit 

Keyboard 2 Hit 

Radar Pulse Hit 


Release Interrupt Request 


Remove all Interrupt Selects 


C = 1604 Data Channel Number 


36. 


1604 Select Code 


C7140 
€7120 


C7102 
C7104 


C7110 
C7010 
C7002 
C7105 
C7103 
C7141 


C7111 


C7121 





1604 SENSE CODES 


Condition Sense Code * 
Keyboard 1 Hit C772 
Keyboard 2 Hit C7175 
Keyboard 1 Not Hit C7173 
Keyboard 2 Not Hit C7174 
Tab Not Hit C7157 
Carriage Return Not Hit C7166 
Keyboard 1 Not Selected C7167 
Keyboard 2 Not Selected C7037 
DD 65 Interrupt C7156 
DD 65 from 1604 Selected C7010 
Radar to 1604 Selected C7002 


C = 1604 Data Channel Number 


* Full Exit on a Positive Response, 
Half Exit on a Negative Response. 


ot. 





vse: (ie 


VV 


(Ss DO 65 No 
A BLE 7 ; 
Melee : tC THER 


\ 
c > To 


Sole EXECUTION 
{s Seas ry Kos ROUTINE 
OBS. PROGRAIH ?/No 


7 
reo 



















LoaD 
UPPER HALF A\ 
Lowfe HALF A, 
UPPER HALF AL e 
LowEeR HALF OQ 
REGISTERS is 


CoNnVERT 
TA 


Bcd 


IS OR REG, DISPLAY Ala 
SELEaTED ? 


Tes 









LOAD 
81-86, P,A0D 
REGISTERS INTO 
TEHR STORAGE 





REPLACE ZERO 
Di Gli Se 
ZERO BCD 
2Oope U2) 









CONVERT To BCD 
(Ex PAND @ Pur 

ZEROS BETWEEN 
THE DIGITS) 


SHIFT THE KOS, 

To UPPER PART 
OF THE 

STORAGE CELLS 


REPLACE ZERO 
Oiairs W. THE 


ZLRO BCD 
COPE (12) 





SHIFT THE NOS. 


To UPPER PART 
OF THE 


STORAGE CELLS 






STORE 
tM 


OUT PUT . 
BUFFER Vv 





TO See 
TABLE DISPLAY 


OPeLRATIONAL PReaGIisTER DISPLAY 
38 








IS INST. FROM 
OBS. PROGRAM ? 


YES 








SEARCH CaL.*1 
OF TAELE. HAS THIS 
IUMP BFF EXECHTED 
BEFSRE ? 







CHECK COoL#2> 
{S 

| EXECUTION ADO LESS 

THE SANE 7 









SEARC# REMAINDE 
OF COLL. HAS 

TUKvP BEEN EXECUTED 
BEFORE ? 









ENTER JUHP AT 
ENDO OF TABLE 
AND PUT A “ONE” 
IN COLYHMN F3, 
















ADD ONE TO 


“TIMES EKECUTEY 
1H 
COLUMN #3, 









iY 
FAT Jaf AL 
HEAD OF “LAST 
FOUR EXECUTFD 
| List 


is es aia af 
TAGLE FULL? 
















{ 
Vv 
RETURN TO 

EXE CHTION ROUTINES 





PRINT 
JUMP TABLE 


Jump TABLE TABULATION 
39 








PRIGRAM TRACE 


APPENOIX III 


SUBROUTINE TRACE(ADDRESS) 


rPrOORPFO NOR” 

rrOOrOCO NOW: 

rerOOrOO MNOrwW 
eynndinnnn wneud 
OQ ON+t F 
MNStOGeem OO on 
w~YM~SXESEM OF A 
MMNMNMNMNMLIN JOKE 
a = pm Peel - 0] 58 


(+8) 
oe @® @ Re e@ & @ em @2 & ® Oe 
~MOaDDODDMaAaDaaqawDa 
Or-Or- OCOOCCOGONCOOeO 
MhOr-OO0O000e00o0 
ww - Or OOODOD0OON0CO0OO 
N-Or~ooCrOCOr-OCOoeF 
LrOMmOOOrFP-ONTSTOO 
Sr OOO0OCOrFf 0OF- NOOO 
ArmOOCOC0OCr)FOCONGCOO 
ef OOO0Or-f O-- O00 
~M~OOCOQDOCCOWOOCCONCOSG 
Oooooco00co0r-0oeoo 
NMODOrOOCQOOONCAO 
wDOOPrOOC0OCR-O0O0O 
FOO00COCf-OCONODWMO 
LOTFTOOoOOrrFO0ORK-0Os0 
DOOCOOCrP-KOONOWO 
NONWNOOPFRF!FOMNnR--OV0O 
| | | S| 
= MU WwW 


am 

O=— Mi Cee NO Fa) 
av v~Y¥Y~Y~ YY YNe OaAc 
OMMNNNNNNMN MWA Z2e 
224.2.2.2.2.0a240NDWW 


ve — 
=z z 
om Oo 
(an) WO 


een eese BBE 


# OPERATIONAL REGISTERS OUTPUT BUF 


See 8 &® FOF HRA KR HSS OR Fee GF A 
DANDDDOOHOANDHDOADOODOONAAMD 
COOOCOOCOCVO OOOO OOOCoCOeo 
OTOTOTOSPOSPOSA TS AOAOTOAI0T 
ONONONOC FOF Or or OOOCCCrorT- 
OF OrOCrOr OF Orr Kor Oro OrF 
NONAINONANONA ONNNNONSNO 


OPO RM BENE AMT EeMeH Mea TEN ° 


NONONONODNONDOONONONCNOS 
FrOr Or Or OrO-OOOrFr OOo O-oO 
NeNNNMN ENN DOONNNNNNAN 
HOF O-OFO$OCF OOO Fee fe ST E-= 
NNNNNNNNNNNN BR ONNAIANNANAIAN 
MOM OM OPFOR OR OO) Pe Peer K- = 
NONONONONONOOCONOGNONONO 
FOr Oe tH Or ORK TFOOF- Cr tort 
OFOVO-OTFTOOCOKAINNNE NINE 
OMOMNONOMOMOMNMNWN =H NHeNNewn 


@ -= 

rem NNN) FT ot UW OO od ood OL OL cd md OL OF 
(anye de de Meds di Me Med» Me Mads de Me Mee de aeds aed 
OmanamagaeonanaoOnadtodadaooo9g 
= = =z 

a) © © 

i) =) WO 


KNMTOM KENMATNOR HK NMTMN 


1 


Ili- 





om © &® & & & ~~ 
DDODNODODOMM®D 
OoO0-O00000O 
TOT 07 073005 
NOODOMOMOOs 
=F OF-OrFOoOroOo °C 
troONnnaooon 
NNOO=00O°Or- 
ONOOONONNO 
OrOQ00r0eTt0 
ONONMN IANO 
OrFOnrO- 0-00 
MmNON ONS NUIO 
tH O70 0-900 
ONONONON=O 
OeFtTH-OrNlenNs 
INTOTOOBVANWY 
MENON OWM= OW) 


oN 
FNMA NYC Kenn 
/LAHKCKOQOOOL Xx 
AAaAauwuUdt ae oOOe 


CON ( 


Ce KE NMIAMNOP- 


# INTRODUCTION 


@e@eee em @ Geen &™ 8&2 &@ @ & & Om 
DNODNODDOMADDDODODOODMOND 
OOF ANt COOK M=- TOOCOANNIWMO 
OOOO ODOMOO0OD0O-O0ODNOIN 
OOQOOOV OO OOOO O OOOO OC0CO}Pr 
OQOQOO0O00- OO0000[-OoO0o000°0r 
NMNOOFDONN=0OrON0 TMH oO 
= FOONTFOSCNANE- COON OVsAOr ST 
NMA = ONE MONOCONCFeERKMoO 
= TNO TNORKENONOCOFOOk ONO 
NUIMMOr ODNOOEFNOUNNNO-R tt 
-—OtTOSTIHOONNMOENOQDNNAN 
NAMEN Ft OON OMIM = ANNMWINION 
@OPMO TOM KK TOON FOENNON SIN 
NOM FH K-ONMMOM = DONN=NO-Oo 
OOVTOM FHVANMNT TK oVoOVOM + 
OMKNe2estTOMHVOstTTO-OONNs? 
ONDOWMNMOOWOODOAMOMOOD0D OM 


8 (aa) WO 

UAL LI LT LA 
fe la Me de Me de Mia Ae Ao Me Ae Ms Ae Ae Ae Ae Ae Ae Ae A= Ae 
0200000000000000000000 


CON( 
CON( 
CON( 


FAMATNO KF NMTNO KE NMTMNO 


# JUMP TABLE TITLE 


eee © @ @™ @ ©& 
NManDdonamMmadaoa 
NNOOCOMOOOO 
NOOAONONOCO 
Ooomo0cnomoo 
SIAM SAANIAT 
MmMODONOOOO 
arnNOoonoesoO 
Aaa ORm KK ORK MoO 
asaNtonooono 
tMO-—stMOF-o0o 
NOODODNTOFOCO 
FR WMMMOONMOO 
TODODNTONNOO 
OrMoOODOMNO0O+t 
ONTMOOUNOTS 
TMINOOOTO0DO 
OOOMOOAMOT 


Undone dn w oe 
LL) 


od 
p= 


=) EX ed Od Od ded I 0) 


Ce eed ok dt 


CON 
CON 


PmAIMSTWOPR- = 


2 


Iili= 





e @ @ Qa 
mnaaada 
OOmMoeo 
FOODO-= 
mooceomM 
Nata 
0Orst + 
NOnom 
Han 
Onov0ooe 
NOM) 
MNOONN 
OMOTWN 
QDBNOND 
Otomo 
ONOOTt 
MMOWND 
mnoo3.omM 


joay baad bead (and jou 


VA aed on 


AM tuo 


BUF 


« 


* JUMP TABLE OUTPUT 


eek @ & @ @™ BB Om 
DoOODaaoOODoOana 
OOodoOO0O00000 
OPrmOF” OPE! OP- 
ONONONNNNON 
TWTNTIUN WW Fu) 
NONNNDOtOOON 
&-FTENeENtTNOWM 
NEN NK eK KOT 
=FrOrOr-Q0o000°0 
NONODNOOO00O”= 
-—-On-Or-O00000 
NONONOTMONOM 
-—OrOn-Oo000os. 
NONONOOOOME 
Fe = = LO FM MONO 
OMOKOONNNANNN 
SOMOMOMMMOANN 


ro) 
RAM TOF ORR 
ed aed aed d eal od ened anal 
9399299797979 


CON( 
CON ( 


EPNMAIWOM &FN 


BUF 


OUTPUT 


* MEMORY DUMP 


2 ee ee & ® OR & OC A OER 
DOQDBODDODOODDaD 
COOONONODOO0O0O00O 
ODONNONDOOOOCO 
OOMONGNONONON 
O0O-0OF-0O-0OrOr- OF 
OOONOMTOONANO 
OOONEF NONE NeM 
NORMMMMANNNANAN 
rPOO0er Ae eK Orono 
NS OF OMMNONNNAN 
=—STONOVO02ZOFte-e- 
NFIOTtTOMONONNNN 
-—-FTOWOVNOCF OFF eK EH 
NIOTSTONIONONONG 
HmNNOCOTOFNRK Teo 
NaOn JOON SNe Ah 
HOON TW NaN) 


Orem 

m= NM) tL OR 0 Qo pe 
aazaagamaaaoaadaad 
Adonaooooog0ecea0 


CON ( 
CON 


EeNMTOOMm m= NM T 


42 


* INITIALIZE 


TAA 


_ om 

ope Femme 
mamOZnmDOUO 
2S US ot LD ed ena ead 
LU OO. Se UL. UL UL. 
OWOH DXN tO 
wr OMO0 aam@ 
QU ee ee tee tae Cee ee ee 
JjJOoddddqaaqq 
rad ee be 
MNMNMANNANNW 


~~ 

ono on Fon om om 
mm ZZ 
<aIOdaO Wd 
WE OW LOW LL Lh LL 
Ou od OS dee 
=p AOrMOMOM®d 
(PR eet as! eee eee Mee ee ee ee 
awh © - ~~ Ce & = 6 
= bh Ob <I p= = 
ANY aA SNIWIWY 


3 


lil- 





4s: 
hy 


= ~ 


» 
~ 


@eeeeeogpe@eeeewesteoeseeee eee ee © eo @ @ 


a Re 


ee 
ER Es i A ER RR RE ER ER a FE ee DF 


Dal Cc Oo 
AL &=—OQOOODOO GOO OC0OOC C0000.) 


ESS) 


DL) wr we er er a ws 0 ro er ee ee oe oe to ee eo © ee 9) CE) 
8 Tt at EP OD RD FE OE EE RO FOE FE FSF FH Fe FE FO Fm ow (\ er ew 
Aeiclme MSSM SYS MSO 
Fm & SNNNNNNNNNNNNNNNMNNMNNNOZ&w 
SAYA) US ad bat peng tot bam domed bed od pone bed Gand Dd Domed frond Ded Oomd Od God aed Od J LLC) Pl 


Ce FR ED, E> Gy BB Fb FR PR EE Fe PP CA Fy a, I Gree, (Bs GE) 
~ DODMODOODMDMOAMAMADAMADD — 
on Dee FE OTN MN rt HK Ker mMmMrOOazZz 
OakDIEON SINE OO0C0KOFENNSA TO0OOF A OO- 
al. IOWA SP tt ST AUMAMAMNMAIN SF UIAWNIO WOW 


Ab WISE EER EERE REE RERRERE CO em 


TLOULE RARER RRRRRRRERREARAEEEO Dm 
eae Ogee Uae? Cae? teew tee Cea tee Cee Cage Dee Caw Cae tae Has Cee Te? Cae Ca Tat Ce ta Sot Gee ew ee ee IP 
Ee eT ELLA UL LULU UL LLL LL LLL I EQ 
b= fem fmm bee Ok OK OK OK OK OK OK OK OK OK OK OK OK OK OK OK OK OK OC OK OK = Od 
OAPs dd Dl OY? 


# CONTROL 


ul 
= = 
.- a Es) 
Ce ws 
Oo f= =>) 
io) \ © 
Co Ue ec 
a Ov 
SS) 
= ww uJ 
onae x< 
we a«Q@ i 
iw Cw 
© 
= ee om 
“A wow 
Zz ama OQ 
mm O<FF@ © 
2Od 
ad Ze ® 
4 4 oO 
Lhd 0 ot LL [ an) 
a a) <q 
Uy LL 
QO wtwew UJ 
qq ood > 
O r-r-O - 4 
awa AWN! (7a) 
eeoae eee @ 
ee 
a) oe 
om EF om 2d Lom 
om TUE = Je 
ONE pew DZ 
cael Cage Gea Gye GP FP wee wee 
ad A a Se SSD - Sar) 
ZS ad b= b= CE = and 
LIS AS) wel ed MY) 
"Y 
i Fa om iL 
Oz x To 4 


CaIx ENSIO 
AANA +ad 
~DEO~UD~ 
Ph eee Ore a gD ee 
Ix IN od 2 < o/ 
ONUaIm TO 
ANN IN IM 


<q 
= 


# TABLE 


ONWNG 


Ceres 
NTO st 


mn om om, OO 
Q0000 
Om pepe 
a Ga? Sa? Cape? eee 
ba bar Tar Sa be 
wd ad od dd 
nNuNMN 


Ames 
OCO0O 
ao es a Cage ta 
OOo000 
Coe ao oc of 
NINN NIN 


TL 


& 


IlI- 





MUNA dE AI UODGU4AGA AHL OOM D> aAOG¥ Le ED DO DD ee 
aadatZ ZODIQDOGEE MDP D> AN TOOONUNNOGHOGarZZ=SU9MMAZD 
LOI BNI GEOEQULULLNNNNNNNN IHN NNN 


, 


ER Ry Fe PR, a, Te Ty, Ty FE ey i, By GP, Ty Fe, Gy Fy Ty Fa, Gy Ty FP TT, By Gy TM, Ty i, Pe, ey Ty, Gta, Gy Pe, GI, Gy, DP, GI Pa, GEE, a, Gli, Py Gly, GI, 
QOQOOOOQOQO0OOOQ9OO 8 DO OOOO QCSOMNOOQOOOO0O0Q000OYw 3000000 
coal eel coed ol cual ae] eel ool el eel cel aed eel cel ceed ed eel el el coed el sel eel oe ne ced el oe el el ee) eel ce el ened al ane) eel el eee el ne paella el aed 
fee? Cee? oe eet Cane? ne! ee et net ee eet Nee! Gene! Te? Se! ee ee!) i! Go Cone Seo Se? Od ee? fe ee? Se a? ees) ot ee? ne? Se? Gee? eee? ee? Co Ca See? ee ee tee? ee Ce? et ee? 
—2)-2) 2 =e wr ame Seer Vee Jer Soar Soare are Doane Jasee Inae Jame Jee Secep Yor Danw Vine Secor Ine Jose Joe Jw Jose Soares Maar June Dear Sone Sarr oare Jenne Sas Jee Joa Sane Joe Jonna ae Je Shae Sore Se 
cd ced ed ceed ceed) ceed xed cored coed ced cara red ened cae cere) ewe ed ceed ccc) ced cel ce) cand cme eed csr) ened ceed ened coef ec ened med car ceed cn) ce carafe) cared ood cee) corel eae ced ce eed 
AMNNNNNNMNNMNNMMNNNNNNNNNNMNNNNNNNNNNMNNNNNNNNNNMANM 


FN ni i I yy Ty i ER, Ty Gy i, Ty Ey ne, A, Py i, ty SI, Ey IN, A, ONY SIM, Gy Gy Sy I, a, 
A QOQOOGCCOCOO QQ OO OOO OOOO OOO COO OOOO OO OOO 9 OCO0COO00000 
ea? ene? tens? Tene Tene? Cent asd Sane! ese esl? Tend ene? Yen! Yen? Cane! a? ne Cast Cane! ae? Sees! Sans? Cane? Yom! Shae! Cent Cane sw! Rea ne! Das! ee ene ea Ge Naa? eee tens! Cane” Se! Oca! Cae? Cane! Cow Gas Gam? Nome? 
(a Me Me Ms A is Ae Ae A As A Be a hl ll Ae As A A as Ae Ae Ao GA A As Bi ae A A ae BA ae A A A 
PRD PD PDD PRD PPD PDP PDP PP Pd RR Pd dd Pd PDS dd SS Pd Pd RS Pd Pd Sd Sd 


5 


IiI- 





4 


MWNGLOMOOuw=M> 
orwreananx sw 
Weer cnn 


iy Fy Fy Fy OM FR Fy PF OD Fa GF 


MMNNOOOGMM™O 


Pe FH SS PS SS SS SP Se 


eae Cet See? Ca? teagd age) Cae Cat Gee eae Tene? tage 
2722777777777 
bed led lab od J od 
NNNMNNNNNNNNN 


Re BR EE Oy En Ps En FH ED OD ER TD 


ONMO0 Oooo 00e°eo 


eet tee? tage Cee ORF Oa ga Oe ee ee” 


COooo0oooo0o000o 
[~q- 4-4-4 4a a aaa 
NININININNININAINAN | 


* JUMP INSTRUCTIONS 


“ 
N 
N ‘e or 
+O © “Y 
‘ Neo hp uJ 
o ew ow 
->x<oO. on) (=) TY) 
= w= a) Aaa oad 
uw -& <x<OD> a. <u a. W 
A ZZ waz AW a | 
- tome Que N = FrNWM D wo 
7) re OF 2 OO e PD boo | Mento “9 uJ 
za a2 O2o€0622 = a ) a. Z2ZOoZ=z 1 fe 
sa) mm Yo < i= = =—WIOD Z t 
”m OO ataodowd x< rm Lu — (4m ioe) (2) a. 
OW A WMNZUOk! W LL ag Zz) ke rs 
Ze ~ YKewaeadon a w MO. Wi WJ 
~AQ at OMA fersZz 2 — 2) tI wad W) ve) 
sO WwW qikeO- p= ve) AW WM q 
aq aw ¥~O Ow J Ode wi Um) 
(an) DQ OrFOQWOwW WwW aU O Wehr WO a 
<Q WwW di>aqw > O OQ >a a) =) 
OOo "WM Tooedadox <a UL of mw <rOoo a2 = 
dae et  OOWUMWW MN =O. a. WOOO a = 
eeeeouveeeeeeeeaeeeoeeegaeereeneseoee 8 @ @ 
~~ Se ae, 
= LJ LW ~~ Ww 
Qo —_—m onl om = OF om =z FES me ad * 4 
aW MMs daOx«< <OM [) We) xO 
ZN ¢€XN Sew Wee e= Wm Swe When 


Ld Lem I) > mL MMOD. ee eel Le mM OW ef 
Re Ow ws AO ww FO ww ENE DRM OF OK ArKO wwrr 
od wed PO, I td) ad) St ed HII TN QIN <LI QO IIjIMI39 
QO ZO AZO me ZH O SJZO SSNS ad Ze ot IO tt ed 
ae TUT IIL JN HWY) od Ht IE MII STW NINN NNW) 


ms om WY RSS a 
~~ WwW uJ Ww emer em NSE Liem 
NNWEIOORGOX= KOM HWORrOORF-OOre37 «KOOW 


SMYKWSMWOSH We WE YEWO + Jot WOR NRW eo 
NNW LLU +¢=QNUMNWY dae dAwoOrRadonadw 
SEKONDA he NOH EO DD DA AMA Qe Se D0 
G4 OM GDD MH NAIA MA Meta day YY IND XO 
OCR OOW HO ee IZ QW TI OHO MH QO Smet 
od oh Y) aed ed ED IA ed VIL ed od EMI TON IEE Yd DNV) od VO 


TEXEC 


=e] ar) aa | ~ 
(asi N ng) x 9 


6 


Ili- 





# SKIP INSTRUCTIONS 


1S 


ma) 


om 
OnWe 
eF=NO 


ed ed et Coe 


ay PL - ow | 
adi 
NNN 


aes 
20m 

Own 

am 
aAa.4fO 
2am 
ene Pee Coe ee 
“<<IO") 
NOOO 
Nader 


INSTRUCTIONS 


# OTHER 


FLAG SET 


7) 
ne SKIP GO TO 40 


e 
- N 
v4) on 
a _ 
eal) = 4 
aT) - x< a ad 
7 "vr 2 Wx = = 
O wm =OW 4 “Y 
be <I O>ZaQ “” fo font 
pag OS OME deal 4 a) 
-_ xa tot = eu 
O2 <I O.u ox O eal = 4 
Wa.O WNWO PM = | 
Ly Car a. 
<ato aorr 2” 2] Lut 
Wi © -o mM — a Tod 
Na x~O uy uu Ov 
an OrRWO WO WO az 
= Ww oat wO Oo = 
OnnM ILOaO xe « an 
> Mt alae WON Wo QO. = 
eoeopeeereeoneer eee e078 008 0 @ 
~ eS - coal 
Lhd om ud Lud 
o~ ee Cam oF we one 
~ MA N= Oxa GOxO GxO 
em ¢O ~N PWT ZW RTE ee 


QWO JR aN ¢ NOW WA OM-OWONnd eg 
TreNOwW KOZ HOw eH OR Der ewer 
ene one ee te ONY Af tee tee eee toes CN] CN) ee see eee wae CN CAS tee ee te CA CA ce er 
A) nd ad 0. PO GO ed et LOOT UHM GA 9 
PADOQ ZF ILO SLM OS HO tt J ad pe tt od 
Ni add LW TIN HIINY) ot INN IN) ILI SY) 


— coy ae =~ 
emp om tL uj = LJ om 

rrWelamAOmOxKG Ct KORPOdKTKOOW 
MMMWUQASMWORWE BF We + JEW 
PMNS & + Se YOWaWeHOQNnAOAWOMS & 
OZENOY MO. ww we OO wr wr er Df wr DO. 
eel Cel EP Cree Cea? Carat Ned Sa a SP FP FP Yaa eel toed ee OD GED AL) ee? weet GED GED eee eee 
OvGa st ¥~ MIMD DIO tH D7MA TID D XO 
CIO RO” SOW ad tt DO be St et 9 ft) 
ON ed ID) ed YY) ed BDA)? cd cd PY YL) cred LAI) Y) ed OF 


Oo 2] 
Ne a] 


2EXEC 


© © 
+t wy 


# DISPLAY OPERATIONAL REGISTERS 


od 
ae 
< 
> 
< 
~ 
oO 
z 

oe 
wn ao” 
Oo Ww of 
oO fr WW 
Os oO fF 
O WNW 
(ds mae ond be = 
mE OO 
Odi {Mw 


IeOArz wW 
> SICO”"00 <r 
CO. Sa ZOWM 
ReMWAO Q= 
th tly 20D 


fa 
rPAaIYAOL 
== FN OG. 
<< ot LL <~~ 
LL) (7) vam “na 


@ 
mad ae 
OOO 
m~WODDdIK@ 
aOAY¢Or-OOWs 
Or a.N~= ICON 
ee tage ogee tee (A tee? ter Sore? Cae? 
m3 OTA Vell) 
2d D2 dh POO 
WNIMW<lIY) I< 


amm LL) om ome 
mOrmn 
—OwOaa 

~~ OWS & Jd 
aHWen Cano 
Zod A Ow TL 
“~~aqtAoy Ida 
NZ 9D VY) ot pe pe 
NMMNAWTNNNMWN 


=) 
[oad 


7 


ItI- 





WY 

YA = 5 Le 

ve <8 ao ez 

= 4 me ~ mL 

=) = 2 = sal | 

je) = <q = 2 - < 

I> zai VYi> a ud ~ zat n> 

<< Caz Om mg RKO << aez Onmw 

= al Ww © Mow ae) 2 Nn W & CDA 

oa RPYO Wad © Oo¢a FMNO WoO - 
mt YY Yeu NwOd YQ2WM Nk NWO — 
boo nl 4 ee Tp me a. 
=2Q OwO we _ Ww NO OWO WHO © and 
=) WreO OOO CL <X m WeO Uw > _ 
LW ac C20 dawWoer uJ fOr wew~eo awa. w a © 
xO oO. w~ToOwo ‘= 4 Aw =) at NO 4 = 

Wu. RO ar Na Oo WOU moO ol a Oo o 

— ut ww b= w = tw Ow b= 
= ie On WY) a. a. ‘ei Zn “A. 
= 

eoeeeoee7eeeevsvsee1ee#eeeegee@eeeseeeeteoeeeeeoeeeeeeteeoee7*e68e#e¢ © @¢ @¢ @ @ @ 
‘_——~ om ad 

mn WN — — om om em om om (Dom ad Fo toad er 
QO8w Q aA “0 OD WeatmMoQd a= aa fe 20 
adOX WH er O O04 - QQ000- eO -OO—! = od Lone 
OUWO-O Band NeddOOMROPOQ & JI IO0 0 ad Nod dOePOmXe ee mmx 


LECOe Te 20K ¢ CO TOCO-OO0C0OOm— Le Oe m= ¢ OO TAOM A-OK IM 
www 0, <I rer OM ew TOO STD eNew Sh SILI LY KOMH LOCC ST Dee Sw Oe we = 
OOD ALY wee ea AY CY cree tee cee eae ee tes eae ee CA es FP ee ast Cet et Oe eet at CNS ae ad FO Cet eae Cet Cee Cee? Coed ene CN] te eee PO ee aes HE CA] Oar 
a ad It JI Te MO dT {Mi et NIAAA. nn ff CQNMOd fet ed et st LIS 
mst OOZOZ SOK SAC dK OR dS ode eee KOS EIR Sed IO HZ rR ZI ZOO 
DOA) ced ced LY eed LU I LU I~ INI IWIN WII 0) Ld ad LI I LU OI OL INI I LUI) Ld Ld wd cd 


nee 


mm FT QOawm ~ co Cad ~ = 
Od JOOO af fon] =) <q 9 c ag -— OO J - 


OTCOOMNM$LNnFteQwWMNDE INOW SWFerNOamIM ¢ -OWO0eteEINNTEHON 
Dee LTE eM EOL Ne ee eS NE NS EMS Ew BO IN SO m ww we ww Ee 
ES wed <LI tad 0 Lh SDL nt LE mee EL) 1 0 ret 9 nd I mt DED cad Cn at OS tas LY) et IY) 
peo htt pe fe QE IAD ZZFWOMADNZOZNO AO SZOSZAIOOS SAZWOIZNZOAZSNZOL 
SYP SVAVA) ceed LL KE a LL Ld Sd nt Lees LL ced Fe et LL ed LL EE LL I Sd eS me LL Ot tet LL) wed 


a Q Q a Q ‘oe ron) 
“ xa) st wy o — cO 


t~ 
J 


8 


Tits 





ud 

Qm 

© 

( ) 

za 

© 
i = p= Li ie) 
ve) b= >= Ww 2O © 
w 2 Wd Oewoa Q 
ud —™5 Za 02 ot SL) Qa 

u. xe Ww Da ULL <f 
uU @CO¢xr LW NI>O Oo 
=) ~- | lel ©) \- 
@O uteraa wa Ww 2a 

wa fad ra oa 
\ MSDw <a pm LU ame 
UO wf ao adm a 
wid CO Wi ax - 
Ug a = uJ = 
Ww ” a w O 
eeesvpeeeseese5svse8@@8ee#se ee @ 
Ps, 
li 
-~ ac 


om Ap Fy OR =~—_ = 

m—~ MENNLE ZQor— Ne Ne 
{Pn MH — 0 + COW RH MWR ON 4¢+0OamMn 
MO OOD 0. TIE MM  OLL HO LL Ow 
OO Cae eee Cae ee Cae Cae Ce Ce Cee Cat Cen? Cet eee Cae! FF Cae tee tae tar P= CV) 
TMMNAI INO HNN) I tel 9 Ot 
eZ ASOD SIR ONKOZ RE SZ ISS 
MUN LZ IINSCN SO mM WWM or Wl 


RL1) 


= cs me mm 
oa QeaN— O- - N~ =—O Mr 
LeReaIn¢eNas~ £ SX ee 10 
INFOLULOONRKWRRNNROWR IO 
www TAA DIEMEMALTOULNOS 
= FO we er CY we we er ee ee ee es er ee 
am ZI OOgt IN SANNnIING WMA 
OZOH VWIOQOCOANWCOOCWOIID 
Tmt Ot dO TO ed ed I EOI ION) SOS 2d ee O 


ae) 
oO 


* DISPLAY JUMP TABLE 


10D 


= 
Q t 
rl 
= od 
© < 
~ =z 
me = 
di ss 
QE Nt 
Ox Ws 
a Ow 
UL. ao ] 
A. QO. LL 
=O =z. 
aT S 2a 
a J * @) bor | © } 
fo) 
a we 
pom Te wa 
a. A, = 
ee@eeoeseeee#88ee#ee tee? 8 0 @ @ 
~™ am = 
QO - =m AN xm 
~~ me Le mp = iu rp iy Ae 


N uo 2D tix NewewD {Ix NN 
fom JT Om LY) em + pf OD = LI Yom & 
wd CO we we © wr MO) we FOO aed SO wr MJ TE OO 
eee tae? NL) ee OP tee PY) eee eae Cee? tee tones YO ee A) eee ee a ee te 
Od ad = INO. Jt MIO IIA. m7 © 
aC etet OO IMO ZC ASI ZOSMIOZSY WL 
SOG ad SDL wad EL st LU I 00 LY Lj ce ot WWII) 04 


~ = 
_a = omen OC os 
“2 oa oO WwW OMO Les mO 
YemmOest Dem LIX DNA] NS 
HCH OMNI Ob tek WW Ne Ob tem RL 
Oe cad re wer EN) ee SO IN ee ED) ee I OMI 
CITI SIN Ie el I 0 IN) It IO 
NdOTZOCOrRSZWOVOCOrKrSZWO 
AVA? ced SV US ad CHL AP LL Sd Ot I CI KT OY LLL SE eed 


TODA 


Lg 


9 


IlI- 





= 
a ] 
6 oe 
Uw) — 
— Oo 
2 L 
(=) Ow 
ve) oO 
<_ \ Wu 
Ws (as) 
fad Q qin 
“AO -aA 
UL) LL, = 
= wD 
m2 cm 
oh =) < 
ra) 2 Ac 
oom Wo 
=r “eo 
Q. = Ow 
@ee@eegc8dscet0eeseeeeoeesceoeenseeeoe@eseseeteoeegeeowneeneseeogeee one e Ge @ 6 @ 
— ° -_~ om am we Fe Xe Eo ee ee Se Lae ae) ate 
hy m= ogo oOo Oo -—N wm N= MN OO --— ~- NAN - =m 
i, of eam OF020 OO er —00"rF-00000 eq Om —@ 


-D im NTRKONOTO® sd MMO dad CN IN aad Om OOM SO OR 
MON JAM $e Kr OF O Fr OONDE Rr MOOR NH Ot ODOONFRNGANO 20 Ft OR N AN 
www FOO SIMS MAINT HK IMVMEMTICMEM | LI LeKser se wwe IIIK-MIeE 
Nem ee 1) eee ee ee es ee ee es tg ee os ee ee ge et ee Se tee Ge a Ce et ee ee ee ae ee a OD) ee ee ee ee et 
=~ INAamNIMAddd ddd qund jd d dC IOONNAINdIN Se QDI IIH UIA 
ZOAIXV®OZ&LCACOZOZOZ ZZ kr SHOOrFOO9OVE«r&] Zea Dd Z IZ IZ DI DAGON ZAON!S 
CL) Ls LUI ot od et LLU) WII IL IIa NYKWN TWIT QTWONMN JAW tw 


Sy 


ER Re SF eee ee iC cs 
mm NM =m POA NM Ne = ODF -= -& CO = mm w) 
MO tLe -OmM a~ —ANO0002——00 ar Q00-0202" 0 = me 
(x Dst~ BE | Peano s dh JAI SIM XeM SA AQ HR UMANOMRS CO=—Xr 


WN OO Ter WLINE NEN OF-O0O00KF MF 5O-~0-omoLor ORM SZNeENEMU Ee 

we FN ww ue IN Meer QOH QCM CLCIIEVMVEMIINTOTe LMM Ye wre MLM 
OO) ones ee ee tenes PE) ae eee eae AE) nee Cee trey See Caer eet Seay ew New Cae Te Cee Seay See ened aed a tae Nd er ee eed Cet Ce Cea Seat Cet Cd eee OP Seay Cae ee? ed ed Sar ee! 
02.0 Ida QaAnNdnanddaoand sid sd {Gai I IQQQQOUK aAHNIaAOUA 
"ALORS ZW ee al eZ DODO Or OO 202 FP Sread dd KN SZ IOr DOF 
tad III LU Edo TI ININNWNNN HNN TW HWW OOO OW III) 


1008 


49 


IIlI- 10 


- ome 








7 ~may) S ane me: fa a iN Hin ite oe” J 4 ay 
ad au fi Ang oth ef axa 0 pS hens WE ie ONG 
a ers ae pelea Homeaes oe , a 
a cre fe ‘0 1/ 
ny % Y ied 
¥' : eS %, ' 
wal 4 - Lb lay W?3 
eet er ay Ces & 
fa | realy 
- Oy 8 
bs 2. Re ete 
. e ~ a@ i Ny $ a, 
my. ago ~ Ruy MTSE: 
Q ee + pe 3 1 .% $) ti ‘S, 
"oh Rape ; Saat ate 
Lh gb “es a 
low is i. aE <a 
= 8 Fist vi a *} ‘ 
“I pe ee WN. | 
Ji re est ny denat e. 
.“3-* L ‘ 4 . f 7 obs Les sh f 
te P rC) : " } 5 ge ; ¥. ek i ry 
ot. boat} : = se ‘ae et n\y ‘ 
% o eee Hae 
 : : <f | ee ; er gece 
1 uy F AWN at ai 
“ <= x he wee te 
‘ “ i: f Ww : ; i aS ‘& 
WwW ; Wed > ; : a Mee Be id 
me i Hod O mw PP ee BRIE oh § 
er az @ to 2 ZOd CEU Ee ge mei eA 
=> ret odaa. UJ ons LL) = y Wie jue 
. OW eee gO MNS NWO aes e3 
mb itis ee ” - r40O 2 « i 
] Hva> ; CWO. OF We me ; ha: 
mat 2D Be O —=Q Du ; 
UWIOe Drmn nd ae IOek ws “a TDO WO. © ‘ Vio 
ra MujWOQa, . 8s a OF AF Sa-GN ¢eD * : ne 
‘ aaw ” : WILL be) anu ODa : Yi 
xo Lal debi LM ol aco 2M Ws aod 4 i 
7 uJ Q a a. a. ie 4 Wy « } vl H 
E Ayn iN 
a @02ee 06 @ 9 0 @eoe ‘ -@ervn*eoeeoveevneeea#we seven neoee oe 8 3 va 
: ibe fs 
’ . = Gi ’ ‘ ‘\ 
“Ens . Coal - @ oo ee fe _— ~-_ ~~ meen fu 
os -~ - 0a W Onem= ON Q .=N Q =n a= - on = 
Ore am oO wo MW OFmMo 40 4 200 a oO “O09 — =r -~0cO 
ay On -KO C1AdeNI=O0 Frau Oo | a NIJ YR XYHON ‘al 
3 onan > lend aed BP Seed me ~OJOONMON T+ 00a Lan Onan t CONNOR es 
‘ee MAH MM——O QOWON ww Ler Dew dC LOW OM LOOVSIL Le few Lees 
= feet teat capes tenes toes NT) FY) eee ep ee Cent asd FE FD Seat teas teed tae tone NY} tee Se! eens was teat CN) teat wee FE ee ae tase Cont Wee east tone eee tae ea CN] ter CN] ee er 
"Es Nd LY) od et mci Oe NA Nom NOT AONMO DANG) I UI - 
2 eaAAZSAIOAS“& 2229 D RSIS Ee SOS COR SK Wo IIO UO LOU S HO - 
SUN 8 WNW ONT WNN HWW WO NWN dd ENS ; 
Ns : = 
H. ah amd h 
hay ‘ om ee 
+ ae a —- Ax em a ome = = Cn Om th 
\ J om &OO a FONMM MOO OO 22) ADP -—§ OOOrCc0OrO= i 
*, HY~OerXekKnm 8. OONTMARONHeM de ae Xnm OFAN NAC TYOAIdY JA q 
es (NAR ME™MX WY PON LL SFOMONMOK—OARHsTOMNVOAR LIYE ¢ HOWRKNOOMDAMM™ 
dE dE Qt ere We er Tew LNW Eww Ew DIOINW Ewe TZ eww 
P ea Cans! Cad ant tet tee PE) wee (we tee Pe ee ee GP ee eae eae ee eee tee FY) ee ree Bee CA] eee ee tee CX) ee gm ee ee ee es Ge te CN} Ce te ee CN 
4, OI O SSH 9 be, <E mt CD wrt ee EY) et Yt Jt Y) ad EO 0. ed I II OO KT Lt 
eS DORMPDCPDsS §* KZSZIASSSkR IS ZOOCZOSIOOSZIZWOMW-ONAkMN]S 
= 
Ww 
x= Oa am) © oO ; 
' = N mM ¥ 
be Ss -€ = al = 
ey : 
\ 
; ' 


Suet ? 
7, . z id 
4, wit oo ' * r 
Ye ‘ 
’ t 
x ' 2 ; s 
‘4 mo ‘ gr an J 
* byt . 
5 Pt 1g ‘ 7 + 
ti , 






























G's if}. i 
a id 4 
tie Se aia oe 
A Pe sity Aid dle th het 
wh oy Phen Fhe b bre: a At ) oh: a re 
i. 1 af i ) wet de Tew th hond iJ 1 
d pes " ree Ge. sty at g he Feats ne ty hi 
e ais rials kag! ele Hs a a0 TF ee vA ahh 
inde ' den ; od! on ~ a hae Ne 
a BH he Dae es Bas 
Whos y Pry 
¥2 
- 
toh, 
ad 
© 
(+4 
~ 
4f e 
¢ ws) 
© as ? * a 
y «% uw) # bi t Q 
Oo =% ve) 
=O Oo wae. =) 
; Pu 1Fe) 
Q > QO fh _ 
he Vek ¢ Ld 
| USV) and 7) 
wa. 
—. «an 2 o) 
/ aQue ‘ a. is ~ 
, wae - ‘ 
a. r a) Mead. oa © 
$ " 4 
a: Coeo5ueeneoede eeseee0aee2ees@¢@@ees e eeo@@e@eaenvs eoeeeeteeet e 
> _ 4 2 
i} : ‘oo 
of Py i. x ‘ 
{ is ? ¥. 
oo ry : om ci a” 5 14 
"s om ay ray iy I, LJ 2 ey Ie a ° 
> ener men -— mem TNO ec NN ' : 
on ad bd RMOOKHKO-0NKF OB0Q0Q4— © it -~OA0O— -”-— nm ~ 
o: 4 Nad tf OO Oren 8 em I ION K—-OOMNe OD sr Tm 
yO mm LdINRAR FOO A OAAAQnNOQOONNARYN | M>>KHOMMNOK + YH + KOR 
2, OM ZTOOATCTOOATOOO~rrI IT i crQo~ a FL MLOENNO INO AUNQCOO 
4 MNOAGHNNO4 dIOTOOR NOOO OMS bf ME ADI NAH MAEMO 
So 2LMOZS“C IA OK OOF dA AD ZOR ZR IZOZSSZZZIUSZHS~SZZ2a 
” WO SWINE HN III OO EO OF OC IY) OL ed A) rd A LS LL 7) ee Ld 07) oe LD LL 
&ru ) = 
oa - Qe 
4 ~ Pa en my me meme eft wa ~ oe om 
a) na MWNTUO ODOrMrs=OM | iO N Nene ~ 
Y ~~ «OA Q0M e-=—O00 -—0000R00 eNmm On OO00— on — 
i me eed m= Of Mm KDI OI IY IO hen OY~ ORO YIN Jem Jem +> 
— (&ROtaeQOwdnnnoooworTOOOON0F I NN PPO > $0704 20425 
i QOMOoDlwOInNwerSZzTiteer Ii rtTirizwtwe~ ene fe SF od SD ad OE de 
Yow ANS et OJON NSOdT deeded ydawd YY “wmiagaioaisaqganvtdoaaDn7 
§ BAO SZWOMNOUQOOSSHQQOOOCK MS Da KKASIOMNORPWOdMsO dee) 
odd LT YUL nd ENT ced IL) ced ened ad Y)) 1 ened . Wd LD Ld Ed AL EY) EY) cd ed Y) eed J) 
‘ > 
Ye, " UW 
- Y 
a | x x 
sae s -= N 
tg 
ae 51, 
+e ! ‘ 
t i 


* TABLE 


ave. Fe 


Me * & HRS ie fi <5 


ae 








aAaacaownnoaoduw 
= vr 

pie (ite 

Km ONTO © 


NaAOdLnNnDoGd 


=~ an on 
ene em on of mena 
(o> > Sap SS 4®) 
FO TW OO 
pe? eet Rat Racal Caer sel Caae! Renal Cone Cae 
ainda eo 2 0 Oe 8 
ood cael ced coed cond end ond cad ceed and 
NMNMNMNMMNM MW) 


PR, I, SRR GR GE) EF, GP GF GA ER 
> > + 4S 2s 4 44 
MTNO-OROA 
FO mS EE FOUN 
Wet Set fae! tee Coe! Gee Gee He He 
ood ed end cad wad wd axl cond wad eel 


# CONTROL FLAGS 


SAP STESA OR 
. path te 
™ 
ie 
€ - 
* 


ro) bib mtd 

< J a Pa 

=) Soli ZEN ame 

i tha dee 

WY - 

(>) > p 5 iad 

uy <<. 

(a wd : 

af 1 

<q Li) bs 

P< ol atin e 

am a ae Hi 

and b= ts 

C= 4 ce 

«~ a. 

ve) > 3 

Aa. ~ 

Oo ™~ i 

af 

~ ~ i 

<q <q 

J oJ 

a . a. aly 

Y - v2) Sia at 

— ° —~ 

fan] oO 8 

eeeoveoeeevee 
Dae 


‘ MuUujem ~ 
~ Odi —@ 
- ¢~ Free ALO 
Nem LoOoaQO-OO 


“Ww 
Uy ad mt 
M0.dOO 
qid 
[sm] ae 
um 


enaem™ 
oa 

oo- 
oor 
oOo | 


MEMORY DUMP FLAG 


p 


t 
- MS 


d 


*#*eeeeoveepeeeeeseseoeegee @ 


oo 


™ 


© 
<_f 
al 
uu. 
Wd 
= © 
oo < 
<x al 
_ be 
a. - 
= = 
=) = 
~” Oo 
20 
- 4 
= <q 
-~ UJ 
ow io 
a je) 
Cd 
x< 
Wy 
Qo a 
Ce Koel fel ns | 


Ld 


+ SLNOREXLE RE ROONRK OL + RR mR EM ORK me 
od eee © oS fe Yew ree DINO SOO OCOOO IR SODNDOO 
Set et FP et er net FO gee FE tangs FE tenet tart net FO cee tet Tat Meee Nene Cea Toa Cage Yea! Raat Care Nore Yoaet teat Tet Cet Cae tae 
"MIMOML HTM LA OMOOOK L970 TAO 
coed coed ad OL coud HK DD we Sed MZ DL weed OE OL OS Eb be ced ceed cad ced onc OL = OF 
NNNANNWO JUIN ft LW LUPIN ALUMNI NMI NAY 


one om om 
~OnD = ~ OM 
Owns D 
woo 9 
CNM NM 


PR OR B 


ORO MWWW) cence em en 
Sed Dm M—KSNY) O36 YO 
NOOs TOW ITM +MZhe 


OOO 


= 
fe 8) 


ODT YO ~ 


NIOOAYN 4 
teassrtwmMM 


=m 


Reh veer TOPE OCS & SM DNON DO em LR LANE Om 
O Ref OO ww wr Pe em LU LW We 2 err er OO oP OLE Dee Few 
DLL Lee JOLLA LH ONMTCMMIITMICLCUL CML 
DKK IA SE mt LO Eb I) ed ced aI EE EY ced) HE ced cd 
ANWWMNMNWIMMNM WLUW MO ZLMNMMMNWMMLU WIM LULU MI” LU 


| (= 8) 

< << 
4 bs <x 
w) aT ata 


x 
Va) 


~ x 
Oo - 


13 


IIlI- 


ve 
i 

—- 

Fw Fes 


wie ~ th 


{ 
ter 
ee 


§ 
tw 
wk 


(4) & ' sie! 
f S Ls atte tole ' 
a) leat o 
u. or q 
8 ae =! 
wt — (as) 4 . = UL. 
WY C4 H 
= al Ww 
Lam C= 4 \ f =) 
cas) : © 
<q — (3 wo ca) (=) 
U. Uj > aod . . ad = 
4 =< ~O Ade. a] co] Ce) ve a) 
4 G. oO = < 4 < com 
a. lU= ont ee © od ; od ol © - 
: = a; = Ww tL. u Un uJ rs) 
\ © oO aa ao [a 4 z 
WY) od Or ( = wm . wh 4 —_ 
il [24 Y) WWM a. @ oO fee) < U.. 
#eeo0eo ” 8@eeee8eeteeeeeete @er- e@et@eoeeeweanreoeeseeoneesee e828 8 ee 6 @ @ 0 
— ee —™ oz, ae, ee ee Col 
@ @ @ m@ q@ q Mx 
oO ™N N N eg © Ou 
= am =m oO oOo ~ Go «~~ om od oo om NC = 
Mee =m nam Ne 1 Na + N= N N~ N Ne N Ne NY 


emg ad ML OY en FF YF MEK $+ YM. Mm fb YM ML Ymrmf- — + Oe or <p 
O22 & JOFr CO ad Oro SRW Otr OP OTE ONE Otr Od Oth Oa Or°mao 
RO? st Cy ed Ca? Cat Crt rt a Ca nt Cas eS et Re te et a ae a Cet ee eet Gat at te at eet a Cd eae Cae a See eee dt a Ct 
OLS IMMMVMIO VO DWMOWLOW™OAUOWOALO MMO MUO V9O MUO M™OUAOD 
CL PR mm ed ch OL ceed weed ed IO HK OE ered ce) OS PK OE ced ered OK eed a OL KE Od wed OK OL ed dO OK OL 


aah a are i a ahah Li eas mtr helo hata ab 


4 


z 
@ 
| 
z 
om wes 
NO wmn emer rd oom om a ~ cs = = m~ =~ 
OnZLOA-—- Nm -—D ~ fe a) Kx —D — xe TD = Ke HD ax ao ~ 
—m COVreYst COYY V90XK9DO HOXCYWO BHOXHO Se ¥Y~dOQ ONSO oad 


EE DD TF LID cS md TIO) wad SS LL IND Ls OS LL CULL SC LL QUID LL Sm ION Som LL 
PO ORB OO bm SL OU 0 SN OO NI LL IL OLLIE NLL Om 
Fe be ROR eNO 08D OE OM OOH OD OPH OMRK I~ LOL 
~CeCILOIVIU CU VTVTULVTAMQITULVTIAIMVTLVITIMCOIULNMVTIANMITIL ITAA 
od ZO RY) ed KK edd AK dh) eed J) OK ad VI dS? OK weed J ed YK dF IY) Kd I Od) HK INI ed Y? 
SUS mt SLIM AW LUNN NMI NII NIWIN NNN LINN NNW NINN WNW Ny? 


4 An x Nd pv pi 4 4 
x x Or N re) =f uy oO ad 
@ Oo. er os > oe (ead = = 


LL) 


IlI- 


s 
Pe eee 


r KS 


2 
€: 


é = Oo \ 
. —< 
com ad 
, ‘ iL 
=! ; 
ca) (Ss) (9 u. rs —” 
_{ < .- 4 Fe) 
i. t ve i. a) a e 
Vee” ae Q 
N wt Oo yi} © 
(+ 8) @ f. a) we | <q 
@#eeeeseees14@e+ @#@eeoeeese¢egeenseese@etweer 8#@e8e# ees @ @ 
~ ~ os be em oem : am 
@ 2a) (sa) rm Mae 2 >< @ 
r+ oOo «~ QO ~~ | —- NO =~ = 
~ N NE mm NE wy N= VN N= Mx Ne ) 


Mmmm + Vemma $d Ym em + Vemma $ YOR YOR + Yemen 
HON OS Oth OUR OFF OK Osh OSM OR DOW OtKO 
ee eet Cg Ge oe eo et pe? One Ga Gee Gee eee Ge Ga’ Ga Se Ge te Oye eer Ga Ge Gow See Gee ae ee Gee ee et Gee Ga 
=OSULOM MO AU ONO aALLO NOAH 0770 AO 70aAUO 
ASLZXLIILZSKXLIIL ZS KL IIL ZX LAILK ELI ILS KS 
OANWWNO NWN AI LWW AMA LULU NII OI LU AI) LL 


we em - - oe = = ~ a Ea = 
QO —x<x —§D —< -—§D &—K OD x f= 2) mm mx< 
won (OW) COMnm LOW CumMmmOOU Demerol mene Ore COWL 
txdJO HOxHdO SHOKXSHO eRe X~tdO INxo wt XS IO 


CN he 3S UL IID EL, Oe UL IID UL. AC UL DID LL SE NIN ed MUL NON LL Oe ome 
(Ee NVQEZLELNE NN ESSENSE COR NOEL SELE NIL YORNOSY 
hm Oe Oe OOF Or ~OOEF Or~DD-O~GVOKede~da de 
LXCIVCL CAIVQ9CLMTaIM TL TAMIL VWITA MT VTA 
KAN INK SN INK IVI IK SI IK INS INK IY b> od 
WNNMMNNWNNNNNLUNNNNNWNNNNMNWNMNWNNLNn nn) 


18K 
19K 
20K 
21K 
22K 


is 


# MASTER DESELECT 


23K 


ie a Sa ED Ce we — 
OOOO Wm m(D 
coed cd ced ceed wed ed 69 OD ed 
Whe bas Lhe babee Mads Lathe aod cone! be 
AM TIN OULU 
Ooodno ond Gu. 
tec San Cae Gee! Gee Gee? Ge She Be 
pS Wo Cs em Re wt mae 
NANMNNANMNNWN 
ANNMAMNMNMNNNMY 


=a 
Ea fea) 
b= On 
QA = PF 
ZWar-O0Ox 
mm OS YM Oem 
ZOODND~-h}-—-D 
Ca? Yat Cae Wane Gat GB wet F™ we 
mye ef cf ef tL. b= cf 
aWlZH Ore S2xKDZ 
MWWM AWWWOW 


we we. = 


15 


Lis 





~ é 
<< i 
—] 
=~ a. 72) 
evan Daal 
\ WOT . er 
ONZEQIQ ao 
iva LLj ome 
Cz ool ad 
iid 1S) 
eeeeoeoeveveeoeeseeoeeven ee eee eee 
em 


= = eam en 

Usapaw NOmm 

AQCLA ZL QC ROR ROO Oeremme 
bw EW WIO | CLOOOOOOCOOOOCOO0OO 
OL- Dero dtsrsststsst ttt sag staan 
LOA WO DD Cer we we we wer we we ee ee ee er er er CE 
eet Cee ee! Tee Geel eee FO age FE ee FP Ge Gee GE Pe PO FE FO PX FR FF FR FR we 
LILI OMNH AO DYe Ye YY YY YY XX SY YO 
ANMNNMNY SZ SZILNNNNNNNNNNNNNNS 


PALA) AA) LLLS ULI at (7) ant bat bat pet Ot bad fd Deed Dat bd Peed Po ot ad Pag 


on PBS CM Fan CBS CMa CF, Pts Fie i CM CP Om OM C&D 


Deana DODDDOQDOOOODOODD 
ene SW LA Mee Qe MM em eee rer 


Ss 


2 


= RQOQODMNNMNEFOONONNOCOCOCOS Fe AN= | 


2-OV0e Wd I YLNIIMMNNNMMMNNS 


PACOOM XL CE CUE ERE RERARREEREED) | 


x 


OONODDK-OQWWWERREEREEERERAREERERAN 
eet? Gat? Ca? Qe? C9 ae Ge? Get Gee? 2 See ow See? eee ee ee ee ee! ee ee? ee Oe eed See? Oe 
hE eg TT OL 
bh Ob bh 2b DLS OK OK OE OK OK OE OK OK OK OE OOK OKs 
OM BPAWNWM ACE C6 UU Uy OO dL Li LU) 


wae 


bee ed 


4 


# KEYBOARD 1 


eeeeoe@#eeo0e #0000 6 8 @ 6 


— 

= 

Omen eh el ee ee ee 
KHON NN NNN NS ON 
MH LEM Renter tantmtenea 
LIN SO IO IO DO dO HO TO IO 
fee? tea? Cae? Nee? Ca tea td a tae a Oe ee ee 
2220202020 2072072070 
wd weed ed OL ed OE eed OL ened OL od OL eed OL weed OL wed OL 
N=NANNNMANANANMNUNANUIN 


= 

fer 

NO ~~ = eo = 

rOCO © 9 8 © DY mwrmrwnae 
St Om I JO ad = LO JOO OO 
Pm oD Hk ee bed SO ed OE 
P= Me SNS STM SMOMULOLLe= 
~——OOTONDOOOr OOOOK OE 
ho we wee ee tee ee ee Ge te ed ee ee Sd ed 
De A tie Sew Saw Sow > Sew > Sow > Sear Se | 
XM KNN aed YN IN SW) dW?) ad J? od 1? od Vd 
WWMNINMNMNNNNNNNNMNNnw 


1K1 


16 


IliI- 


7 * 
~~ ome 





ew etr ee 


: "” 
1 a (Fo) 
WW 
a 2 
u. : 2 
Oo OQ 
< 
mn =~ W" 
mV? xq OF a. \ 
% Ow med COZ = 
mt OC TQ Wet ~ and > 
ala) ZY NWO Q = << 
fo) ie ood pat gS) o— = 
Wit OO Wre> a > O ca. 
\ = zu O mO = < > 0d. zon 
oa. = € ATDO DBD a a4 pnt LL om 
; = O20 srom Oo a mai <I ra) 
QD Ou OL VW) Ow OO 
Qo a ox Oo = ow pan TST 
< a. a oO © =mM aA.mMO 
Lh 
eeeoteesneoeoaetoeveee@oeeteeoavaeeeoeeeeoeaeeeegeeewesvsee eee eee e @ @ 
~ ae o~ 
x ee [oa] x = ka ee 
Ud - = © Contam Ww =— p= = =~ 
Co Ee oe) Qo -—GB ao = ~~ eames an) O-2Q aa -—m 
NNN N &x moO me I~ NemMo0oa + NCO wx i@- 


eo oo OL > MOO Me Ae OO I OEE OOS HOO ¢ HOO CK em LY 
etO HO DIO HdORP MO IX ZZOOOM ~ O00 HO IO HONK OODIYEZZODOM~a 
oe Ed ge fo Ce to Ca ee a ee te ee ae ee ee eB (ae ee Ce ee te tee ee te eee C\) ne tae See te ee Ce te te ee ee te ee 
aC SIS SK AC IOSMIOZHSIROSS Me SZ I IO KD SL IMC CLODKO ZI OZ ALM 
VINONNNOANMN TWN WWM JSWO MM JWNCNLWONNKANNAIMN IWIN WWOwN 


cr = ao aa ~ Es 

~~ - om + omen 1) = <x x x< omen) om on 
QaeQerneml Wi Q=-O -— oa) om (Wi thJem iL) Q-Or= fam 
alee J Oe 7 A. QO MMM OKO a~ © Oo Aad Ox~ QeerOr-o20 a 


Lex IMI IEW KIO YORE YR RRO RVR Kem YMRYTOXORYYR XR 
UNOMEL te IDL FONKROAMAROr ROWS LEMS RM LNY ES 4+ OM Kh LMAO 

Le eR YR QO IHR OL~—MORf- COONS DO er OO~RK MIR XR OEM 
OD ee at Gee? Cama? One? ea CaP Cand Cae eel CD GP CD ane! Ca Cae FED Cn Cena Cae TaD a TP Cenel YE Nee Cel GD rea? Ut Meee Peal Cont Cant Mea GA Crane Coat Cae Cae GD Tena? at ten? 
MW MIWMM3EMI MIMO IO. ASDII=N SNGNNG ISTO HIM QMO G0. SOHAOG=NSIWN 
AN WIN dN SIN MNO STZ MPOZOOSZHIOHIZ JIWONOMZ ASZOYIAOdWIZ MOZOOZSZHIOH 
NNNNNNNNN IINW dt Hid JWI el QOS Je IW Yd NW I et Je ef <f 


<q @ <{ 
eo — =F > = 
Ns A 4 <x a4 
N N NM wm 


56 


7 


IlI- 





+ he 


me a 
(<4 
te = 
—” 
: Ud 
Q 
—” 
72) 
a WwW 
ia ' \. o 
a. Oo 
bY 4 jem) 
oa { <q 
@ 
aw 
QO Ww 
Ud = 
bm LW = . © 
Y B2Q u.. bd | 
OcwO ba » OQ 
ms J) © on] fe 4 
ULL <f Q ) Oo 
NI>O =. et 
po m=) ‘ = fe 
UW OQ > On uw 
Ur” <_< mm /) a 
<{ p= WwW ad , oO , © bm WW) * (&) a. 
adm a. , Ww WwW Wa ud 2 
az N° (a4 (a ZzQ [34 
Ww = - N MmoiowrFemnm wo | t 2OQ | 72) 
(a4 Q ‘@O:~ @ noma a © ] LL. <f Q =~ 
ee7eeeoeoeeeoevoeeceoeaseseeeveeeneeeoeveeeeereeoene*eeoeveeeo8 8 oe 0 @ 
Fa = 
Pa 4 Ve) ~~ 
Us om ee ee ee | es LLjJom La nS) 
amm OQ ft - =~ rr eer « a aN = UN = ON 
NEeMa~t - x x< + +¢ +¢ + & = Qe - Were YS alt 


me LP QI OD Wm Wen nD de 6 eS IOI MO de 
00130 S~-DOMOOCOO08 FO” OF Or Or OOF OOO dtd O0 0004.~90r"02~-00 
Ca? Ca Cig Cia Ca SP Ca Ce Cee Cae? el Ca ae? Gee Gar Ca Ga Ga Cae Cane ae tad Cg? Oat ee ad Cae Cnet Cet aad tae te? AOD) te eae Sa tee eae tae fA) ee ee eae ae Oe 
M907 O0702D00 400270707070 <cO0OatOoodaaQoosma0o0omaA0OD0TaAO 
AWN NW NMNNONNONNMYNANANNNOANNWYNAINOA ANNONA ENON LWA 


~ wm a roan CE ee oe oe oe es on a CR 
a ~- Om FE OP ee er er ee erm tLe -— rm 
Oo -0O -- Yew KLrexSx~ Se ZX ZXYerrxenr ~-—O"XKe YKOV-— AOxr 


O LK OL =] NSZ¢AWS FMN=NHHMN HN OFZ 4FOSZPFOHMNSLEMse NSCXLENN DAaIM 
Poem MUU ST Oe re et tO Oe Det OM DH OK OKI LONG eRe LO + | RH FON 
HAV wed SS th re 9 ee Ded OD ed 9 ad DI a IT IAT QMO IVIVIMATMVICA VISIT 
ZAWIOQN KD SIZ SD SISO dod Lt J tt IO od IO od I IOOO HI IO I SOO SIZ IZOU A 
bh) I Ee ond LUI MUN IAI) ad NY) od ) ed Nad eI al DY) aA) ced od ASD cad JS? eed cad SILLY? Ld ed VY? 


a == i 


gen -= = 
=F = - = -—-= - SZ ww Rnd 
wx w x ~ ~M~ SX © om NM of 
ie g wy oy OO DO = - oan game = 


18 


lii- 


7 6 
fe ae - 





ZRO(O) 


SLU( IA) 
* FIFTEEN BIT REGISTERS 


15K1 


@eeeeaeet oe @ @ 


~ om 

& <— nm 
Wien Ul = mg 
Ox 'Q—6 tet oe 
<x 
CLARY + Pm eR mn 
Q—-OOUXMZZOr— 
eed 
IMOO WISIN 
OAILODOS So da! 
AAN IH) SUTIN) 


oa Cad amy ee 

< O~M er 
. = UW =O 
N OamvOnno 
» $-—¥XFTONOrS YY 
mm ILL OR Hp Oe 
awe OD ed XE OOO 
ee CNY Se ee eet et FO eet eat ae eet at 
90790 IOWA WHOIOd 
He STOTSFVIOZOAWZS 
NAINA YW dt Jie oi 


TS5KIA 
15K1B 


zxx 


# 48 BIT REGISTERS 


16K 


@eeoeoeeeg ee 6 © 6 @ 


Re Py 


xO xX o~ 
tiJe= Lid me 
Oxon aE = 
MOTD Zzwx 


CRY $ Qe Mmm rHOOmrn 
Ow O UP- OM 2 ZOrM OO 
ae? CN.) cee Caer tae Gee toed Ce? tae? Cee Cee tee Reed Ge? 
LOOWI=Gnet I AO 
OO Sf 2S SS od SH od SOO 
aA TMYWWWIQINNWN NASI 


omy ome ~~ om ~~ 

<x ODO XK 

Wu -erO W 
—O0O—AaxOr0 x 
Ox~SXATNOOrZY Me 
emer OL OL + ee fe Oe 
21 COdY~e Yer ONO 
Ca eet eee Cee ae ep PD toast Meee eet eel eet FS eee 
MIO SIGjIOT "9 
AZOAARKOMOZOdS SW 
Ar JILIN ad eT LIE OI) 


aa 
—_ 
<x 
oh 


=~ Ew 


16KI1A 


# JUMP TABLE TABULATION 


FROM 
TO 
S EXECUTED 


E 


UMPED 
UMPED 
F TIM 


“3 ™7O 


QQe 
Qa0 
aiqdqZ 
I<_oO Lu 

=Q > 
ve _{ 
= WY 


a) 

qm i Gia eat 
-~O = NM 
aAO-wn LL iL. Lt. 
20rF_N = DID= 
WOON em OOa 
me NK ES OM Om ww 
ene teat (NJ eae eee wae weer CAJON! OJ cee 
-op-Game@ | byl eee -« - 4 
EMO od Z bb 
Mit JINN) 


an ema 

Ulem iin 

mm Oem OU 

~0.00.—0Oe 

> i ee) 
aKWWNatNO=M 
end tae fm few es wer ee ee = WL) 
qoaaod jJ00. jdadd 
ZXMDA HW HOZOA 
WLS EA) ceed cad SEO aed cad LL) ad 


be = bb 
cc N ™ 


19 


IlI- 





DENT GO TO WA 
GO PRINT 


RESI 
DENT 


GO PRINT 
N 
S 


IF BUF FULL 


— 

N 

i ~ 
a meme en om Om on 
NNR ROMANE RampRat dae 
od aed PO wr ad ed ed OO OOM ON 
a ee GY we CY ce wee ee ae CY te ee ee ee ee es ee 
CeO ddd HM Gye 
Re ZO J00O0e IZ IZ ZAZ l 
NEN dD) ad ed ANIM WIM YY) 


00B) 


— ~ 

View Ww -_ -m 

LLIN) am WwW Oe 
om eeu. QO ef ow a. 


Neo JR ODSMNNORKa Ora 
aN df IS SNE Ne 
qn =O A ICEMAN 
OO wd ZW ee ZI IO 
PAAR LNA aed UIE SIE Ph 


 - - - & 
3 no & 


# PRINT JUMP TABLE 


CHECK PRINT FLAG 


=. 


» SHEXECUTED sf /) > 
TO MONITOR 


RELINQUISH CONTROL 
CLEAR BUFS 


TF @esevev0e0e0028088088080 6 6 @ 


OB) 


me me ae, 
SNOm FS—= MWA N~ 
~ORO—+WO— +¢OWanDe~ j 
N MMO —OU~FO0O~0Ue 
en DE eee eee cane ee PP ee eee eee CNY tne tee ease CN] ene? ene eae 
VIII Det D AIO I Tt 

Z0 ef IZ IIIS OO SE Sed 

= si alc artic h 8 

LL, od om 

Tw >< 

Nw 

NUL e& 

elDwW) 

x OO = 


Qe em © = ee 


UF2) 


D—= N eXD—O _ mm Ww) 
9ZONENOUE= ~ Ox UU. UL om 
few rw wOWOeKeaNawwt —DaDO- 


ce 


— RP OSRUN ¢ SCOW RK OOM 


Oe EIN RNS rR or Zee ee 
Ed Ol KUL eel 9 LO Ot TK 
On LOCKOSWKNZGSHIOMO AIZRRHMNS 
ADAMO. LL Op; LL Ud LU WY) od od ad VILLI) ) me LL 


a. 
_— FO) mt 


# ERASE 0065 AND DISPLAY INTROOUCTION 


ENI(0) 


SLJ(N) 


IE 


20 


IlI- 





ad 
-~ my 
‘ <q z 
> 
od UJ < 
== : al 
<_< , = - * 
> ot © 
P= 4 f i = 
; a \ 
wy) oO w Ww 
Oo OC ad eo) 
= © @ as) 
= am 6 = «<I (an) 
< = OC - 
> ew = fF WO (a4 
< OQ © « a. © 
uu. ne => Gs: UL. 
uy aaa fay (4 => 
Oo (5 =z WwW oOo <xz< 4 © 
© < z=~ 2D mcm © <q 
QO Wad << -O -—- © ~ J) 
OL LINGO a—qraq LL. 
u & (SW of om Ws od 
m OO OWN ak x a —~ 
v5) LNOL = Ve) an) 
Ww We Q. WU LL, ms 2 © = a 
“nn a“ a F- O 
= <-_ Hm OOd ' = = 
WwW wu ~aOWO =] © © ud 
WY Wh QO. ou Oo oO @ WY 
®eeeovoevevuvu eve eovaeoe epee eeeeeseoenereeoe eee 0 8 8 8 oe 
om PD a, 
- © Ce anQ x on) 
2 od eC mOO JO a @ 
=~ meme Im twas = _—_ NED DO RKWWeonr me ~ = 


Wer JW tN O te Lee JO + OO TW SANK Oe Xe Ke eWe— 
tOnmN AJOL | -—OM~ TOV ITOH NO ww OF OTOOMNOO 


Dt On El cL et Ey tO. INNO AIO es DOO SOOdKeO = 
ae ZO me Ze SZOS CMR SAL IMO eb SSAA SO N 
NWHNYNWY WW JWI NWN SNMNNWWO NNO NANI OWA 
ke 
rag 
tea 
a =~ 
@ 72) =e 
oO Yi =o em mam 
POs, n Ww Qj Qe oe -NOd Ee 
ON Cm OO aft ooOa QO-W- «add 


Perewen . mm OdIXx= OY=— JKWRKRmSIOCVAaNaCO= 
MiINWO=M—Od OUMARLN FS ROWNNNOOKOWS + ZOWRRWRZ 
me) | Od ad Lom DLE we wr Ew OTN were FILE N OO I TOM OOF Or 

ic eT ed dd le ed 

UL, mt pes ee ei el gl tJ IIa EO JOAN YI e MIMOIMOTMIOrF OO 
KSQSSK RPO SRHOSTAONZSZZWONMINOOXKXDVIZASIZACZSZAHCWES 
UII CO UII AS cd LID eal LE RE I SE ed ee Lt LUI OWI MI LU WI LU ON LU WN LL 


oO 

= 

< foe) Oo tJ 

ee) J UW thd Wit uy 0 
"oN N N ™N mst WY a 


€0 























